SUMMARY The sublabial salivary glands were studied by morphometric methods in 68 healthy volunteers to establish possible changes related to age in those tissue components that are affected in Sj6gren's syndrome and connective tissue diseases (and which might simulate Sj6gren's syndrome).
changes in minor salivary gland tissue are the same as those in the major salivary glands: acinar atrophy; fibrosis; focal lymphocytic infiltrates; and ductal changes such as hyperplasia and dilatation. The most important diagnostic criterion in Sj6gren's syndrome is said to be the "focus score" defined as the number of lymphocytic foci per 4 mm2 of salivary gland tissue. A focus score greater than one is highly suggestive of Sj6gren's syndrome.1 6-9 In some connective tissue diseases, however, virtually the same histological changes occur.7 81012 Indeed, the diagnostic value of the focus score was questioned by Chomette et al, who considered the changes in the intralobular ducts were of greater importance as a diagnostic feature.4
Acinar atrophy, fibrosis, and hyperplasia of intraAccepted for publication 29 August 1985 lobular ducts as age related changes were first defined morphometrically in the submandibular gland. '3-15 Focal lymphocytic adenitis in healthy submandibular glands has also been described. '6 Studies of a limited number of morphometric features in sublabial salivary gland tissue showed that atrophy of acini, fibrosis, and ductal hyperplasia also occur in the minor salivary glands with aging.9 17 Focal lymphocytic adenitis in the sublabial salivary gland tissue of control subjects obtained at necropsy has been described by Scott, '7 but this is at variance with most authors who describe lymphocytic foci in sublabial salivary gland tissue only in relation to ductal dilatation or in association with Sjogren's syndrome or other connective tissue diseases. 1 6 -9
As acinar atrophy, fibrosis, and ductal hyperplasia in minor salivary glands are aged related changes they are not suitable as the basis of the histological diagnosis of Sj6gren's syndrome. Moreover, the qualitative observations of Scott'7 75-4(2-8) also made the value of the lymphocytic focus score in the diagnosis of Sjogren's syndrome equivocal. Scott's conclusions are, however, subjective, and a quantitative investigation of the inflammatory phenomena and ductal changes in the sublabial salivary gland tissue of healthy subjects is necessary to obtain reliable baseline data on which distinctions between inflammatory mediated and aging changes can be made.
Material and methods
Sublabial salivary gland biopsies were obtained with informed consent from 68 patients who had undergone intraoral surgery for cosmetic or preprosthetic purposes. The patients did not suffer from any systemic disease nor had they undergone radiotherapy or chemotherapy before surgery. The subjects were divided into seven age groups. Investigation of the age dependency of the histological variables and their biological variations by dividing the subjects into age groups gave rise to a loss of information; to avoid this problem polynomial regression analysis of the data was used. The polynomial regression can be described as follows: y(x) = A + B*x + C*x2 + D*x3 + E*x4 + where y is the dependent variable (histological variable or biological variation) and x is the dependent variable (age) of regression. Analysis of the sum of the squared residuals with the F test showed that addition of higher order terms, until degree 4, does not give a significant improvement of the linear fit at 0-01 significance (Table 3) . Therefore, a linear regression model (y = A + B*x) was used to describe the age dependency of the histological variables and the biological variations of these variables. The biological variation was described with an unweighted linear regression model. The histological variables were described with a weighted linear regression model. The results of the linear regression analysis of the biological variations were used as weighting factors. Student's t test was performed to ascertain whether the biological variations and histological variables were significantly dependent on age (Ho: B = 0 vs H 1: B # 0). Spearman rank correlation analysis was used to investigate the relation between focus score and volume percentage of lymphocytic foci.
Further statistical details can be obtained on request.
Results

QUALITATIVE DESCRIPTION
A common change in the sublabial salivary gland is atrophy of acinar tissue with fibrosis ( Fig. 1 ). In areas with fibrosis ductal changes such as ductal hyperplasia and ductal dilatation are seen. (Fig. 1) . Ductal dilatation was recognised by increased mean diameter of the ducts and by the compression of the duct lining cells (Figs. 1-2) . Ductal hyperplasia was recognised by an increased number of transsected ducts (Fig. 1) . Acinar atrophy and ductal changes were often localised.
In all the sublabial salivary gland biopsy specimens plasma cells and a few lymphocytes were present in the stroma of the gland as a diffuse lymphoplasmacytic infiltrate. In areas with fibrosis such an infiltrate was nearly always present (Fig. 3) . The infiltrates had a low cell density and were not well demarcated. Local aggregates of plasma cells and lymphocytes were common but only in 15 subjects did one or more lymphocytic foci occur. Six of these had a score greater than 1 focus per 4 mm2 salivary tissue. In none of these six subjects followed up for at least two years has there been any indication of a connective tissue disorder. Larger lymphocytic foci can give rise to local parenchymal atrophy (Fig. 4 ). Foci were observed near blood vessels as paravascular or perivascular and in the neighbourhood of ducts as paraductal or periductal lymphocytic (Figs. 4-6) . Confluence of the lymphocytic foci was not seen. Table 4 summarises the details of subjects with lymphocytic foci. prediction interval (PI). Table 7 gives the values of x, 4-1 (1-7) 5.3 (1.5) 5-2 (2.4) 7-3(2-1) 8-2 (3.3) 9-7 (4.7) 7-1 (4-1) 6-0 (3.4) 9.4 (6.9) 10-4 (4.4) 16-7(5-7) 19-6 (8.3) 30-3(10-9) 66-7 (11-5) 69-3 (9-9) 62-4 (9-2) 60-1(12-0) 55-5(6-5) 52-9 (6.2) 50-0 (6-8) 34-9 (7-9) 39-2 (9-2) 325 (5.8) 33-6 (7- (1-6) (n = 3) (n = 3) (n = 2) (n = 1) (n = 1) (n = 2) (n = 3) *Only the subjects with lymphocytic foci were considered; n is the number of subjects in the age group. 8-4 (1.6) 9-9 (3-1) Length density intralobular ducts 14-2 (6 5) 13 6 (4-3) 16-2 (7 7) 19 9 (6-1) 26-2 (6 1) 27-6 (7 0) 40-0(11-8) Outer diameter 18 9 (4 7) 21-3(10-0) 20 4 (5 6) 21-7 (8-5) 16-2 (5-1) 15 2 (4.5) 14 7 (6 5) Inner diameter 14-5 (4-1) 17-8 (9-7) 15-7 (5 5) 17-9 (6-5) 12 5 (4 9) 12 8 (3 2) 11-6 (6-1) Outer-inner diameter 7-0 (28) 7-8 (18) 86 ( 4.5 (0-6) 2-1 (1.0) 6-8 (1-8) 2 5 3-7 3-7 (0-4) 6-7 (4 0) (n = 3) (n = 3) (n = 2) (n = 1) (n = 1) (n = 2) (n = 3) *Only subjects with lymphocytic foci were considered; n is the number of subjects in the age group. y, sy, B and SB, which characterise the regression lines, dependency of the histological variables are also given as well as the two tailed p values obtained from the t in Table 8 .
test of age dependency of the biological variations.
The aging process was accompanied by atrophy of At a confidence level of 0 01 the biological vari-acini and fibrosis represented by a decrease of the ations of the volume percentage of acini, fibrous tis-volume percentage of acini and an increase of the sue, and intralobular ducts increase significantly with volume percentage of fibrous tissue. The volume perage. It was evident that despite the non-linearity of the centage of the intralobular ducts and length density of biological variation oflength density this variable also intralobular ducts increased with age, whereas the increased with age. At 0-01 level of significance the outer diameter, inner diameter, and the thickness of biological variation of the volume percentage of ves-the intralobular duct epithelium decreased, the ratio sels, volume percentage of lymphoplasmacytic of inner and outer diameters remained constant durinfiltrate, outer, inner, outer-inner, and inner/outer ing aging. The volume percentage of vessels and lymdiameters was constant during the aging process. In phoplasmacytic infiltrate were also constant during the group of subjects with lymphocytic foci the biolog-aging. In the subgroup of 15 subjects with lymphoical variation of the volume percentage of foci was cytic foci the volume percentage of foci remained conalso constant during aging. stant during aging. Figs. 9a and b show the regression Figs 8a-j show the regression lines, as well as the lines, 95% confidence interval, and 95% prediction 95% confidence interval of the mean values and 95% interval of the volume percentage of lymphocytic foci prediction interval of the histological variables. The and its biological variation. In this subgroup there most obvious consequence of applying the weighted was a highly significant correlation between the focus regression model was the convergence or divergence score and the volume percentage of foci. The Spearof the 95% prediction interval. man rank correlation coefficient was calculated as p = Table 8 gives the values ofx, 9, s9, B and SB. The two 0-829 (p < 0 001).
tailed p values obtained from the t test on the age We found a considerable reduction of acinous tissue and an increase of fibrous tissue with increasing age in the salivary glands, and these results agree with other quantitative studies.9 17 Our finding of a constant volume percentage of vessels in aging also agrees with the morphometrical observations of Drummond and Chisholm.9
A lymphoplasmacytic infiltrate in sublabial salivary gland tissue has been observed by several investigators.16-9 17 25 26 Syrjanen and Syrjanen found a volume percentage of lymphoplasmacytic infiltrate of 2 9 (SD = 1 6) in a morphometrical study of 29 healthy adults, (aged between 19 and 49 years).26 Our results from the age groups II, III, and IV combined, found a volume percentage of lymphoplasmacytic infiltrate of 1 0 (SD = 0 5). Scott reported that the prevalence of lymphoplasmacytic infiltrate was unrelated to age17 and this is in keeping with our quantitative study. In contrast with this, however, Drummond and Chisholm found that the diffuse infiltrates of lymphocytes were more common in older glands.9 An appreciable increase of the volume percentage of ducts in sublabial salivary gland tissue with advancing age agrees with other morphometrically obtained results.9 17 The increase in volume percentage of ducts may be due to dilatation or an increase in number of ducts. Drummond and Chisholm stated that the increase in volume in sublabial salivary gland is a reflection of mild duct dilatation but also is partly a result of ductal hyperplasia.9 Our findings that the inner and outer duct diameters decrease with age imply that the relative increase of the volume of duct component cannot be attributed to ductal dilatation but rather to an increased number of ducts. This conclusion is supported by our observation that there is also an increase in the length density of intralobular ducts during the aging process. It is impossible to draw firm conclusions about real ductal hyperplasia, because all stereological variables such as length density and volume density are relative magnitudes only. Quantitative studies on the changes in the total volume of the sublabial glands as a consequence of aging have not been performed as far as we know. From our quantitative study of 68 sublabial salivary gland biopsies of healthy subjects it seems that lymphocytic foci, even with a focus score greater than 1 focus/4 mm' are not pathognomonic for Sjogren's syndrome and that application of this criterion results in false positive diagnoses. The age dependent changes in the intralobular component also make the conclusions of Chomette et at4 concerning the diagnostic value of the changes in intralobular ducts of doubtful value.
From this study we conclude that the histological changes in the sublabial salivary gland tissue widely believed to be characteristic for Sj6gren's syndrome such as acinar atrophy, focal lymphocytic adenitis, fibrosis, ductal dilatation, and ductal hyperplasia can also be observed in sublabial salivary gland tissue of subjects who are not suffering from any systemic disorder, and can partly be ascribed to the aging process. Although these phenomena may also occur in Sjogren's syndrome they are certainly not pathognomonic for it, and if pathologists place undue reliance on such criteria then false positive diagnoses of Sj6gren's syndrome will occur.
Furthermore, the age dependent inhomogeneity of minor salivary gland tissue constituents, which has important consequences for the reference values of the histological variables, has not been investigated before. In the assessment of acinar atrophy, fibrosis, ductal dilatation, and ductal hyperplasia in the sublabial salivary gland tissue it is necessary to bear in mind that the divergence or convergence of the 95% prediction interval of most histological variables gives rise to ranges of reference values that can vary strongly with age.
Similar features occur in the salivary glands due to aging and as a result of Sj6gren's syndrome. Separation of these processes cannot be made by simple qualitative examination of tissue. Detailed morphometry, however, may provide a means of separating these entities by a more reliable set of diagnostic features. Such a morphometric study is currently being undertaken.
Full details of the statistical handling of the results may be obtained from the authors.
